Purpose: Lichen sclerosus (LS) in men is poorly understood. Though uncommon, it is often severe and leads to repeated surgical interventions and deterioration in quality of life. We highlight variability in disease presentation, diagnosis, and patient factors in male LS patients evaluated at a tertiary care center.
INTRODUCTION
it can present with variable involvement of the penile skin, glans, and urethra, though it may also involve the skin at sites of urinary diversion [3] .
Estimates of the prevalence of LS vary from 0.0014% to over 0.01% in adult men, but it may be underreported [4, 5] . While in practice it is primarily diagnosed clinically, the degree to which clinical diagnosis is consistent with pathologic findings is not well established. Additionally, the etiology of LS is complex and poorly understood. It is believed to be caused through both humoral and cellmediated autoimmunity, and has been associated with atopy and other autoimmune conditions [6] [7] [8] . Furthermore LS has been associated with alterations in methylation patterns and gene expression in affected tissue [9, 10] . These changes in gene expression and chronic inflammation make untreated LS a risk factor for squamous cell carcinoma of the penis [11] . In addition to these molecular and autoimmune changes, LS has been associated with elevated body mass index (BMI), diabetes, coronary artery disease (CAD), and smoking, suggesting that the development and pathogenesis of disease may be intertwined with metabolic and microvascular influences that modulate disease progression [12] . Management of the condition varies widely depending on the location and progression of the disease. Early cases are sometimes managed with topical steroids, while circumcision may be used for disease limited to the glans and foreskin [13] . Recurrent strictures may be managed with a urethrotomy or urethral dilation, but these are generally not effective long-term solutions. Instead, urethroplasty with grafted tissue is the preferred and more robust solution in these patients [1, [14] [15] [16] .
Overall, the mechanisms of disease initiation and progression remain largely unknown, making it difficult to define the typical patient or prognosis. LS may be diagnosed pathologically or clinically. It is unknown whether the clinical diagnosis of LS correlates with a pathologic diagnosis or if the clinical diagnosis of LS is a more heterogeneous collection of disease processes.
Clinically, there is a great variability among patients carrying the diagnosis of LS. On one hand, there exist young and fit patients with intact genital skin who present with extensive urethral involvement in the presence of minimal penile skin manifesations. On the other hand, the index patient is morbidly obese with buried penis, recurrent fungal infections, and severely scarred genital skin but with a completely intact urethra. Despite the drastic variability, all of these patients are categorically classified as having LS. Given the wide range of disease manifestations and the dearth of understanding regarding LS it is currently quite difficult to accurately predict outcomes and prognosis for patients. A better understanding of how LS alters its behavior in various patient profiles as well as how to best approach the diagnosis of LS could allow for improved discussion with patients and optimized planning for longterm disease management. We aimed to determine the degree of variability among patients with the clinical diagnosis of LS as well as the extent of their urethral involvement in the hope of better categorizing patients into various subgroups with similar disease characteristics. We also sought to determine the rate of pathologic confirmation of the clinical diagnosis of LS.
MATERIALS AND METHODS
This study was approved by the University of Michigan Institutional Review Board to retrospectively review hospital records for all adult male patients with the clinical diagnosis of lichen sclerosis. We queried our reconstructive database and clinic records between January 2004 and March 2014 for the diagnosis of LS as well as other potentially related diagnoses such as phimosis, buried penis, balanitis and urethral stricture. All charts were reviewed and demographic and clinical factors such as age, weight, BMI, surgical procedures, findings on physical exam, pathologic examination, various comorbidities, topical steroid use, laboratory data such as urine analysis findings, pH, specific gravity, and serum inflammatory markers were abstracted. We also reviewed imaging results such as retrograde urethrograms for evaluation of the location of any associated urethral strictures. Of the long list of comorbidities, we collected data for the following: obesity, type 2 diabetes, hypertension, CAD, and dyslipidemia. We evaluated obesity using BMI, categorizing patients 30-34.9 kg/m 2 as obese and those over 35 kg/m 2 as morbidly obese.
Urethral stricture location was categorized as meatal, penile, bulbar, or panurethral. Based on the description by physical exam, we categorized patients as having skin scarring involving meatus, glans, penile skin with or without buried/ trapped penis, or scarring at diversion site of perineal urethrostomy.
To be able to identify subgroups with similar clinical and demographic parameters, we compared dif ferent groups based on their BMI, presence or absence of urethral strictures, presence or absence of pathologic confirmation of the disease.
Descriptive statistics were then computed for these variables. Continuous variables were summarized by mean and standard deviation, and categorical variables http://dx.doi.org/10.4111/icu.2016.57. 3.202 were summarized by frequency of observation. Tests of signif icance were performed using Student t-tests for continuous variables and Fisher exact tests and chi-square tests for categorical variables where appropriate. All statistical analyses were performed using Stata ver. 13.1 (StataCorp LP., College Station, TX, USA), and a significance level of α=0.05 was used for all significance tests.
RESULTS
Between 2004 and 2014, we identified 94 patients with clinical diagnosis of LS. The overall demographics and characteristics of our study population are displayed in Table 1 . The average patient in this cohort was middle aged, obese, and Caucasian. Comorbid disease burden was significant in these patients with over half suf fering from hypertension (51.1%) along with high rates of type 2 diabetes (33%), dyslipidemia (28.7%), and CAD (18.1%). This study population also had high rates of smoking (61.7%) and alcohol use (57.4%). Urethral involvement was present in 90.4% of patients. Genital skin involvement and balanitis were seen less commonly in our cohort, observed at 72.3% and 29.8%, respectively. The overall rate of penile cancer in this cohort was 7.45%.
The distribution of BMI in this cohort is displayed in Fig. 1 The anatomical distribution of strictures and skin scarring can be seen in Table 3 . Patients with stricture disease were younger than those without (50. 1 years vs. 65.7 years, p=0.003) and less likely to suffer from hypertension (47% vs 89%, p=0.031). Comorbid disease burden was otherwise not significantly different between patients with and without strictures. Patients with urethral stricture were less likely to suffer from balanitis than those without stricture (p=0.012).
Within this cohort the rate of pathologic diagnosis was approximately 30%. Patients with biopsy-confirmed LS were older (58.9 vs. 48.4, p=0.002), less likely to have urethral stricture (75% vs. 97%, p=0.001), and more likely to have balanitis (46% vs. 23%, p=0.024). Further, the rate of pathologic diagnosis of LS was significantly higher 
DISCUSSION
Our results show that the cohort of men with LS is diverse and spans a wide range of disease manifestations. While some patients may present with only isolated inflammation near the glans, others suffer from recurrent panurethral strictures and extensive skin scarring. As hypothesized, our results suggest that there may be subsets of patients with different disease subtypes. The younger, healthier patients in our cohort without exception suffered from stricture disease, whereas those patients who were older with higher BMI also f requently had urethral involvement but sometimes suffered from isolated skin inflammation or buried penis. This second group of obese and older patients represents the majority of patients in this study. The 61.7% rate of smoking in this cohort is also well above the overall average rate for United States adults. However it is comparable to a prior study that found the rate of lifetime smoking exposure among patients with LS to be 58%, significantly higher than among control patients with non-LS related urethral stricture disease [12] . The authors of that study hypothesized that this may reflect a contribution of microvascular pathology to LS, which is consistent with the elevated rates of diabetes mellitus (DM) and CAD among LS patients. We did not observe statistically significant differences in smoking rates among various subgroups of patients in this study, suggesting that perhaps smoking modulates overall LS risk and progression rather than particular disease subtype manifestations and patterns.
Urethral stricture disease remains the hallmark of LS diagnosis in young fit men. Conversely, buried/trapped penis and recurrent skin infections are typical of LS in morbidly obese patients. The best approach to management of these patients is often debatable. At our institution, we utilize topical steroids or immune suppressant creams, which can help with symptomatic improvement. Surgically, limited suprapubic panniculectomy with buried penis repair and possible split thickness skin graft is a treatment option for concealed trapped penis in morbidly obese patients. This minimizes the contact of urine with the genital skin and seems to help in controlling the process. These anecdotally improved outcomes may be a reflection of the possible role of urine contact with genital skin in causing chemical irritation and exacerbating the condition in those patients. We have observed that when urinary diversion is performed by a suprapubic tube or perineal urethrostomy the skin in the area of the diversion will show similar manifestations of scarring. For those patients with strict urethral involvement, substitution urethroplasty with buccal grafting has been the mainstay treatment. We avoid the use of genital skin as a graft source in the setting of LS due to concerns about graft viability and stricture recurrence. These findings beg the question of whether the two manifestations are truly the same disease. On one hand, a low BMI patient with no evidence of balanitis and genital skin scarring may have extensive urethral involvement and carry the diagnosis of LS, often without pathologic confirmation. On the other hand, a different, morbidly obese patient with a patent urethra but a concealed penis and skin scarring, likely related to recurrent fungal infections due to buried penis, may carry an identical diagnosis. The association with obesity may or may not be genuine, and an additional layer of complexity is added by the clear association of LS with obesity affiliated microvascular diseases such as DM as described above. Even in the setting of pathologic confirmation, there is very little concordance between pathologists in regards to exact diagnostic criteria. LS is generally diagnosed based on a constellation of pathologic findings, but these findings may be subtle or absent and the lack of specific stains for LS means that in some cases clinicopathologic confirmation is necessary [17] .
This work also highlights the relatively low rate of pathologic confirmation of LS in men carrying the clinical diagnosis. The low rate of pathologic conf irmation of the clinical diagnosis is alarming even at a tertiary care institution. Notably the rate of biopsy-confirmed disease was significantly higher among men with penile cancer, ref lective possibly of more severe disease prompting biopsy or alternatively biopsies eventually performed primarily for workup of penile cancer, with LS as a more coincident finding. It appears that using only the clinical presentation of urethral structuring and/or skin changes may be inadequate to satisfactorily characterize patients as having LS; while there are established microscopic criteria to identify LS on biopsy, there are not clear corresponding clinical criteria to guide non-microscopic diagnosis likely leading to overdiagnosis. In particular, high BMI patients suffering from skin changes secondary to concealed penis may be diagnosed with LS but may be suffering from skin changes mediated by ongoing urine contact as opposed to LS. Misdiagnosis in these patients may lead to suboptimal treatment patterns as well as additional psychological burdens.
Further studies are needed to determine the concurrence rate of clinical diagnosis and pathologic diagnosis to determine if a clinical diagnosis is suf ficient. A more precise knowledge of which patients truly suffer from LS will inform more correct prognostic estimates as well as treatment and surgical planning. Based on the results from this study, it may point to a direction of identifying clinical variants of LS that may help guide clinical decisions and expectation management with our patients. The current body of knowledge on which clinicians are able to draw when advising their patients with LS is woefully inadequate. Several important limitations of this study were identified. Our cohort of patients is relatively small, but LS is a rare condition and this dataset containing 94 patients is a robust sample in the setting of the existing literature. This study did not include a control arm and so incidence of comorbidities and stricture disease could not be compared. Lastly, this is a retrospective single institution study, which may lead to sampling bias. However, these data are collected over a decade from a large, tertiary care urology department and are likely to represent adequately the true population of patients with clinically significant LS.
CONCLUSIONS
In sum, these data show that LS in men is a heterogeneous disease with a wide range of skin and urethral manifestations. It affects predominantly older, overweight men but the patient population is diverse and has a range of comorbid disease. Many of these patients with LS lack a true pathologic basis for the diagnosis, which brings into question the diagnostic criteria for LS. Future work should focus on maximizing pathologic confirmation of disease and the development of an accurate classification system incorporating both the urethral and skin expressions of LS. These advances will allow for better patient education as well as more appropriate clinical decision-making.
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